One approach to improve the impact strength of acrylonitrile-butadiene-styrene (ABS)/clay nanocomposites is to increase rubber content. To investigate the effect of the rubber content of ABS on the mechanical properties of the ABS/clay nanocomposites, other parameters were fixed and ABS/clay nanocomposites containing various rubber contents were prepared in this study. Also the effect of the UV stabilizer on the mechanical properties of ABS/clay nanocomposite was studied. For addition of 3 wt% clay, ABS nanocomposite with 35 wt% content of rubber displayed the highest reinforcement ratio for tensile properties and impact strength.
Introduction
In recent years polymer/clay nanocomposites have attracted considerable attention from both the field of fundamental research and applications due to their remarkable improvement in materials properties. Owing to the nanometer thickness and extremely high aspect ratio of silicate layers, these nanocomposites exhibit dramatic improvements in the mechanical, thermal and barrier properties of composites [1] [2] [3] [4] .
Acrylonitrile-butadiene-styrene (ABS) is one of the most commonly used engineering plastics because of its excellent mechanical properties, chemical resistance and convenient processibility [5] . ABS is generally prepared by the copolymerization of styrene and acrylonitrile in the presence of polybutadiene (PB) latex.
Even though there have been some studies about ABS/clay nanocomposites, most works have concentrated on their thermal and flammability properties [6] [7] [8] [9] . In a recent study, detailed mechanical properties of ABS/clay nanocomposites were reported by Stretz et al. [10] . Since the impact strength of ABS/clay nanocomposites was reported to significantly decrease and impact strength is a very important mechanical property for the application of ABS, the optimization of the formulation is needed. One approach to improve the impact strength is to increase rubber content in ABS/clay nanocomposites.
According to continuum-based micromechanical models, the modulus enhancement of nanocomposites is much more dramatic for a compliant matrix such as elastomers than a stiff matrix such as glassy and semicrystalline polymers. Therefore it is very interesting to study the extent of enhancement of modulus for ABS/clay nanocomposites over the various rubber contents compared with corresponding ABS.
To investigate the effect of the rubber content of ABS on the mechanical properties of the ABS/clay nanocomposites, other parameters were fixed and ABS/clay nanocomposites containing various rubber contents were prepared in this study. Also the effect of the UV stabilizer on the mechanical properties of ABS/clay nanocomposites was investigated in this study.
Experimental

Materials and Preparation of ABS/Clay Nanocomposites
Important characteristics of the materials used in this study are summarized in Table 1. Three types of ABS prepared with the same styrene-acrylonitrile copolymer (SAN) and same polybutadiene impact modifier were provided by LG Chemical Company named ABS25 (rubber content: 25 wt%), ABS30 (30 wt%) and ABS35 (35 wt%), respectively. Clay was purchased from Southern Clay Products (USA) under the trade name of Cloisite 20A. The organic modifier of Cloisite 20A is dimethyl, dihydrogenated tallow, quaternary ammonium.
ABS, clay and other additives were mixed in a Prism co-rotating, intermeshing twin screw extruder (L/D = 40) at 200 rpm, 220 • C and a feed rate of 40 kg/h. The recipes of the compounds are described in Table 2 . Test specimens for tensile and Izod impact experiments were prepared using an Arburg 370M injection molding machine (barrel temperature: 220 • C and mold temperature: 50 • C).
Nanocomposite Testing
X-ray diffraction (XRD) patterns were taken with a Rigaku D/max 2200H X-ray diffractometer (40 kV, 50 mA). The scanning rate was 0.5 • /min. The basal spacing of the silicate layer, d, was calculated using the Bragg's equation, nλ = 2d sin θ . The tensile properties at room temperatue were measured according to ASTM D638 using a Universal Testing Machine (Instron 4202). All measurements were performed for five replicates of dog-bone shaped specimens and averaged to get the final result. The notched Izod impact test (ASTM D256) was measured using a Tinius olsen tester at room temperature. Figure 1 shows the XRD patterns of ABS/clay nanocomposites. For ABS25/Clay3 nanocomposites a peak at 3.62 nm (2θ = 2.44 • ), for ABS30/Clay3 nanocomposites a peak at 3.42 nm (2θ = 2.58 • ), and for ABS35/Clay3 nanocomposites a peak at 3.09 nm (2θ = 2.86 • ) are observed. Also for ABS25/Clay6 nanocomposites a peak at 3.47 nm (2θ = 2.54 • ), for ABS30/Clay6 nanocomposites a peak at 3.37 nm (2θ = 2.62 • ), and for ABS 35/Clay6 nanocomposites a peak at 3.34 nm (2θ = 2.64 • ) are observed. Compared with the peak at 2θ = 3.54 • for the original clay (Cloisite 20A), the peaks at lower angle for all ABS/clay nanocomposites indicate the intercalation of ABS molecules into the interlayer of clay resulting in the expansion of the interlayer distance. However, the degree of expansion of the interlayer distance for ABS25/Clay3 (2.49 nm → 3.62 nm) is larger than that for ABS30/Clay3 (2.49 nm → 3.42 nm) and ABS35/Clay3 (2.49 nm → 3.09 nm). Also, the degree of expansion of the interlayer distance for ABS25/Clay6 (2.49 nm → 3.47 nm) is larger than that for ABS30/Clay6 (2.49 nm → 3.37 nm) and ABS35/Clay6 (2.49 nm → 3.34 nm). From XRD results, it may be concluded that ABS nanocomposites with 30, 35% rubber content (ABS30 and ABS35) lead to a lower degree of dispersion of clay than ABS nanocomposites with 25% rubber content (ABS25).
Results and Discussion
Characterization of ABS/Clay Nanocomposites
Mechanical Properties
To investigate the effect of the rubber content of ABS on the mechanical properties of the ABS/clay nanocomposites, the mechanical properties of ABS/clay nanocom- posites containing various rubber contents (25%, 30% and 35%) were examined in this study. Since ABS matrix polymers with different rubber contents were used for the preparation of ABS/clay nanocomposites, it is convenient to introduce a new variable -a relative ratio allowing for the direct comparison of the efficiency of mechanical properties enhancement of nanocomposites. For example, the relative tensile modulus is defined as follows:
Relative tensile modulus = Tensile modulus of nanocomposite Tensile modulus of its matrix polymer .
The matrix polymer for ABS25/Clay3, ABS30/Clay3 and ABS35/Clay3 nanocomposites is ABS25, ABS30 and ABS35, respectively. Figure 2 shows the relative tensile modulus of ABS/clay nanocomposites. Since the value is higher than 1, tensile modulus slightly increases with addition of clay. For 3% of clay addition, the ABS nanocomposite with 35% rubber content displays the highest relative tensile modulus. According to Stretz et al. [10] , predictions from the Halpin-Tsai theory indicate that the modulus enhancement of nanocomposites is much more dramatic for a compliant matrix such as elastomers than with a stiff matrix such as glassy and semicrystalline polymers. ABS nanocomposite with 35% rubber content has the most compliant matrix.
However, as the aspect ratio of filler is smaller, the difference in modulus enhancement between a compliant matrix and a stiff matrix is smaller. Since for 6% clay addition, ABS nanocomposites with 30% and 35% rubber content display lower relative tensile modulus than with 25% rubber content, the aspect ratio of clay in nanocomposites with 30% and 35% rubber content may be lower than nanocomposites with 25%. TEM results are needed to prove the lower aspect ratio of clay in nanocomposites with 30% and 35% rubber content. Lower aspect ratio indicates a lower degree of dispersion of the fillers and/or lower degree of orientation. According to Stretz et al. [10] , the clay particles reside in the SAN matrix phase, with some accumulation of particles at the rubber surface and no clay particles were found in the rubber phase. Because of the less effective clay particle dispersion, the level of reinforcement in ABS was somewhat lower than in SAN. In our study, we found that increasing rubber content may lead to a lower degree of dispersion of clay and/or lower degree of orientation. Generally, this effect increases with increasing clay content. This lower degree of dispersion for ABS/clay nanocomposites with higher rubber content was supported by our XRD results (Fig. 1) . Tensile strength slightly increases with addition of clay (Fig. 3) .
Relative elongations at break for ABS nanocomposites are shown in Fig. 4 . Since the value is lower than 1, the elongation at break decreases with addition of clay. However, with increasing rubber content, relative elongation at break increases. Impact strength of ABS is one of the most important properties for various applications. Generally the impact strength of polymer/clay nanocomposites has been reported to decrease. In this study, the impact strength of ABS also decreases with addition of clay. However, ABS nanocomposite with higher content of rubber displays the higher relative Izod impact strength (Fig. 5) . The impact strength of ABS nanocomposite (clay: 3%) with 25% rubber content is only 1/3 of the impact strength of ABS25. However, the impact strength of ABS nanocomposite (clay: 3%) with 35% rubber content is 1/2 of the impact strength of ABS30. Therefore, to optimize the mechanical properties, the content of rubber should be optimized.
Effect of UV Stabilizer
To investigate the effect of UV stabilizer on the mechanical properties of ABS/clay nanocomposites, a mixture of UV stabilizers (0.5 phr UV Hisorb 770 + 0.5 phr UV Hisorb 327) was used to prepare ABS/clay nanocomposites. Since the mixture also protects polymers from thermal degradation, the mechanical properties of ABS with UV stabilizers are improved compared with ABS without UV stabilizers. Compared with relative Izod impact strength of ABS/clay nanocomposites without UV stabilizers (Fig. 5) , the relative Izod impact strength of ABS/clay nanocomposites with UV stabilizers (Fig. 6) is increased significantly. The relative Izod impact strength of ABS/clay nanocomposites increases with increasing rubber content. The impact strength of ABS/clay nanocomposite (clay: 3%) with 35% rubber content is about 70% of the impact strength of ABS35.
Since the relative tensile modulus is higher than 1, the tensile modulus slightly increases with addition of clay (Fig. 7) . However, tensile strength and elongation at break of ABS decrease with addition of clay (Figs 8 and 9 ). For 3% of clay addition, the ABS nanocomposite with 35% rubber content displays the highest relative Izod impact strength and relative tensile modulus. 
Conclusions
Even though the improved physical properties of ABS/clay nanocomposites have been reported, the significant reduction of impact strength was a big obstacle to their practical applications. The optimization of mechanical properties is very important for the applications. In this study, to optimize the mechanical properties, ABS/clay nanocomposites with different rubber contents were prepared. For 3% of clay addition, the relative Izod impact strength and relative tensile properties in-crease with increasing rubber content. When the clay content is increased from 3% to 6%, there is a significant reduction in impact strength. For addition of 3 wt% clay, the ABS nanocomposite with 35 wt% content of rubber (ABS35/Clay3) displayed the highest reinforcement ratio for tensile properties and impact strength. Also the addition of UV stabilizer significantly improves the impact strength of ABS35/Clay3 nanocomposites.
